Introduction
Ankle injuries are a significant source of morbidity for athletes, accounting for 15-25% of all sports injuries. 1 -3 The public health impact of these injuries is thought to increase in the future as the current trend is to practice sports at all ages. 4 Therefore, surgeons have to inform patients on the possibility and modality that they can return to high demand sports activity after a trauma. Management of ankle fractures is well defined, and open reduction and internal fixation is an excellent option, 5 especially for athletes who require early mobilization and return to sports. 6 On the other hand, information about return to sports are anecdotal, not based on actual data. Examining the literature, there is little evidence about the impact of these fractures in athletes, the time that athletes take to return to pre-injury sports activity, and their performance after trauma. The aim of this review is to shed some light about the prognosis of these injuries in athletes, and provide some additional information on the time they will take to resume sports activity. In our search, we have also considered the return to sports after bone stress injury. We used the modified Coleman methodology score, a system validated to assess the quality of clinical studies published in several fields of musculoskeletal medicine, including tendinopathy, sports traumatology and general orthopaedics.
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Methods
Literature search
We performed a systematic search of the literature using the combined keywords 'ankle fractures' 'ankle injuries' 'athletes' 'sports' 'return to sport' 'recovery'' 'operative fixation' 'pinning' 'return to activity' with no limit for year of publication and level of evidence of the study. Medline (PubMED), EMBASE, CINHAL, Cochrane, Sports Discus and Google scholar databases were accessed up to 12 October 2012 to identify articles published in English, Spanish, French, Portuguese and Italian in peer-reviewed journals, reporting data and information on return to sports after ankle fracture, without any distinction for type and severity of fracture, level and type of sports activity. Biomechanical reports, studies on animals, cadavers, in vitro or animal studies, case reports, literature reviews, technical notes, letters to editors and instructional course were also excluded. Two authors (ADB and LS) independently assessed the abstract of each publication, selecting on the basis of its content, and excluding articles without abstract available. When inclusion or exclusion was not possible based on the abstract, the full-text versions were downloaded. The reference lists of the selected articles were reviewed by hand to identify articles not included at the first electronic search. The inclusion and exclusion criteria are detailed in Figure 1 and Table 1 .
Quality assessment
Two investigators separately read and evaluated each paper using the Coleman Methodology Score, a 10-criteria validated scoring system assessing the quality of the study method, with the final score ranging from 0 to 100 (Table 2 ). An investigation scoring 100 would represent a perfect study design with no influence of chance, various biases and confounding factors. Each investigator rated twice the Coleman Methodology Score assessment and together they discussed scores where more than a two-point difference was evident, until consensus was reached. The two authors scored the methodological quality of the studies twice, with a 10-day interval between assessments. The reliability of the scores achieved was assessed using intra-class correlation for inter-observer reliability, achieving an intra-class correlation coefficient of 0.91 (95% CI ¼ 0.85 -0.94). Data on demographic features, operative readings, type of fracture, time to return to sports, complications and predictive factors were recorded. 
Results
Search
The initial search yielded the following numbers of papers: Sports discus: 127 results, CINHAL: 6 results, EMBASE: 132 results, MEDLINE (PubMED): 515 results, Cochrane database: 1 result-a total of 781 papers ( Fig. 1 ). Google Scholar was used after the initial search, finding over 30 000 results. Thirty-one articles investigating sports-related outcomes following ankle fracture were identified. Twenty-four articles were excluded because they did not report sports-related clinical data, or were related to ankle sprains, paediatric population or epidemiology of injuries.
Patient demographics
We identified seven publications relevant to the topic, all retrospective studies published from 1976 15 to 2009, 16 focusing on clinical and functional outcomes of patients who had returned to sports activity after an ankle fracture. 15 -21 Of the 793 patients, 469 (59%) were males and 324 (41%) were females and of the 356 ankle fractures we obtained information on, 338 were acute (5 studies) and 18 stress fractures (2 studies). Selected articles and their average Coleman scores are shown in Tables 2 and 3 .
The mean age at the time of injury ranged from 14.4 to 42.5, and the sports activity commonly practised were NFL American football, basketball, football (soccer), baseball, running (short and long distance), handball and softball. Stress fractures were more common in runners and basketball players, acute fractures in soccer, National Football League and basketball. The type of sports activity is listed in Table 3 .
Fracture classification
Radiographic assessment confirmed the clinical suspicion of an ankle fracture in all patients, whereas bone scans were useful for the diagnosis of stress fractures, presenting with an increased uptake of the involved sites. 19, 21 Porter et al. 20 classified ankle fractures as isolated to the lateral and medial malleolus, bimalleolar or bimalleolar equivalent, syndesmosis disruption injuries, Salter -Harris type and pilon fractures. Three patients reported bimalleolar and seven bimalleolar equivalent fractures. Disruption injury to the syndesmosis occurred in four athletes, and four patients suffered a Salter-Harris type fracture: of the three patients with a Type III fracture of the tibia, one had an additional Type III fracture of the fibula and one a Type II fracture of the fibula and a Type IV fracture of the tibia. One athlete experienced a pilon fracture of the tibia, and was able to return to sports at 8 weeks from the trauma, and to compete at 16 weeks. Walsh and Hughston 15 classified fractures as (i) comminuted fracture of the fibula at the junction of the middle and distal thirds; (ii) lesion to the deltoid ligament, medial ligament injury in addition to the spiral fracture of the distal fibula demonstrated on radiographs; (iii) trimalleolar fracture and (iv) unstable ankle fracture.
Colvin et al. 16 reported on 83 patients with a trimalleolar fracture and 54 patients with a syndesmosis injury according to the AO/ Orthopaedic Trauma Association classification system. Donley et al. 17 used the Lauge-Hansen classification, 22 a system developed to better define the mechanism of injury and resulting patterns of injury in ankle fractures: supination-external rotation fractures account for 40-75% of ankle fractures; supination-adduction for 10 -20%; pronation-abduction for 5 -21% and pronation-external rotation for 7-19%.
Surgery
Different techniques were used, but the general principles were to undertake an open reduction and internal fixation of acute fractures, and manage conservatively a stress fracture, except when a thin line of fracture was visible on radiographs. The surgical procedures are listed in Table 3 . Post-operatively, immobilization in casting, careful rehabilitation with gradual increase in weight-bearing was recommended in almost all studies.
Functional assessment
The Short Musculoskeletal Functional Assessment, the American Society of Anesthesiologists Classification (ASA), American Orthopaedic Foot and Ankle Society ankle-hindfoot scale were used in one study and 16 the Ankle Fracture Research Study questionnaire was administered in one study. 20 
Return to sports
Porter reported that at the final follow-up, at an average of 2.4 years after the index surgery, the average percentage rate of the ankle was 96.4% compared with the pre-injury status, and 12 of the 36 athletes rated their ankle at 100%. The mean scores of the entire population on the lower limb core modules were 94.6 for function and 98.0 for pain. The mean pain score of the entire population on the foot and ankle module was 98.1. All athletes were able to resume daily living activities, and all were able to return to their previous level of competition, with one exception. This athlete suffered a bi-malleolar fracture and feared re-injury. No objective evidence, psychological factors aside, supported the athlete's inability to return to competition.
In the study by Walsh and Hughston, 15 all the athletes had returned to play football, basketball and baseball at the pre-injury level of completion. Dorsiflexion was limited in one case, but the patient could work and participate to recreational sports activities.
Colvin et al. 16 reported that 8 of the 243 (3.3%) patients had returned to sports at 3 months, 34 of the 221 (15.4%) patients at 6 months and 45 of the 184 (24.5%) patients at 1 year. Gait was gradually restored at 6 weeks, after removal of the supra-syndesmotic screw, and sports was allowed at 3 months. 18 Mobility improved visibly since the first month, when starting rehabilitation, but recovery was total within 3 months. Return to activity, possible from the second month, was full after 3 months. The subjective appraisal was satisfactory for most patients after 3 months (category 3), when patient outcomes were classified as very good in 46.7% of patients, good in 46.7% and fair in 6.7%. 18 Time to return to sports
Acute fracture
Porter et al. 20 stated that almost all their athletes had returned to the pre-injury level of competition with no mention to any timescale of return. Only one athlete did not resume competitive activities: he had reported a bimalleolar fracture, and feared re-injury, without any objective evidence to support his inability to return to competition. Walsh and Hughston 15 and Donley et al. 17 showed 100% of return to competitive levels, without reporting the time frame between injury and return to sports. Colvin et al. 16 reported a 24.5% rate of return to preinjury sports activity level at 1 year, stressing that competitive athletes were less likely to return to sports than recreational athletes. Specifically, 88% of recreational athletes and 11.6% of competitive athletes had returned to sports. In addition, at 1 year, female gender (P ¼ 0.040), and associated syndesmotic injury (P ¼ 0.011) influenced negatively return to sports. Patients with a bimalleolar fracture were more likely to return to sports than those with unimalleolar fractures. Navarro Garcia et al. 18 reported total mobility and recovery of activity in all patients between 3 and 4 months.
Stress fractures
Shelbourne et al. 21 showed that all patients had safely returned to sports after 3 -6 weeks, whereas the two patients who had undergone surgery returned at 4 and 8 weeks, respectively. Ohata-Fukushima et al. 19 reported an average time of healing (from the hospital visit to return to sports) after stress fractures of 14.2 weeks, ranging from 4 to 51 weeks.
Complications
Porter et al. reported two cases of infection, two patients with temporary numbness nearby the site of incision and one with temporary hypersensitivity to pain close to the incision. 20 They believed that the infections were associated with the presence of syndesmosis screws, and resolved after removal of the tubular plate and antibiotic prophylaxis. Syndesmosis screws were removed 3 months after open reduction and internal fixation. Both cultures were negative at the time of hardware removal and remained negative thereafter. Numbness and hypersensitivity resolved spontaneously after 2-3 weeks. 20 In the long term, one patient was still symptomatic after 10 years because of a retrocalcaneal bursitis associated with heelcord tightness, regressed after stretching of the heelcords and paraffin baths. 15 
Predictive factors
The average age of patients who returned to sports within 3 months was 29 + 16.5 years, significantly lower than the age of patients who had not returned to sports, which was 40 + 14 years (P ¼ 0.02). 16 For every year of increase in age, the patient was 14% less likely to return to sports at 3 months postoperatively (P ¼ 0.013). At 6 months, the average age was 35.5 + 14 years for patients who had returned to sports and 42 + 14 years for patients who had not (P ¼ 0.02), with a 15% lower likelihood to return to sports at 6 months for every year of increase in age (P ¼ 0.009). At 12 months, the average age was 33 + 13 years, and at 43 + 14 years (P ¼ 0.0001) and patients were 16% less likely to return to sports (P ¼ 0.001) for every year of increase in age. 16 Males were more likely to return to sports than females at 6 months (22.5 vs. 7%, P ¼ 0.001) and 12 months (P ¼ 0.04). From the correlation between ASA score and return to sports, at 3 months, patients were .10 times more likely to return to sports if ASA was
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British Medical Bulletin 2013;106 1 or 2 compared with patients with ASA 3 or 4 (P ¼ 0.011). No association was found between return to sports and tobacco use. The preoperative level of participation is not a predictor of resuming athletic activity at 3 and 6 months. At 1 year, recreational athletes were significantly more likely to return to sports than competitive athletes (88 vs. 11.6%, P ¼ 0.043). 16 When comparing AO/OTA classification grading and time to return to activity, no significant differences were found at 3 (P ¼ 0.560), 6 (P ¼ 0.756) or 12 months (P ¼ 0.250). Patients with and without associated syndesmosis injuries were not significantly different at 3 months, but the involvement of the syndesmosis influenced negatively to return to sports at 12 months (P ¼ 0.011). 16 
Discussion
The main finding of the present study is that most patients with ankle fractures may successfully return to pre-injury sports activity. In addition, the methodological quality of selected study is poor, with an average Coleman Methodology Score of 36.8, that is by far lower than that observed in previous studies. Even though the best management of acute ankle fractures in athletes has not been defined, and no level I studies are available, from the current body of the literature on this topic, open reduction and internal fixation of the fracture followed by a not weight-bearing period of immobilization in a brace are usually successful. 15, 17 In fact, the incidence of loss of reduction and redisplacement vary from 10 to 70%, especially in the first 3 days after closed reduction, or at the end of the second week. 15 Therefore, when management is conservative, follow-up radiographs should be frequently taken to exclude secondary displacement, one of the most important prognostic factors in the long term. 23 Stress radiographs are also helpful, especially for oblique distal fibular fractures, in which the stability depends on the integrity of the ligaments, not only on the bony damage. 24 When investigating the factors prognostic for return to sports, we found that younger age, male gender, no or mild systemic disease and less severe ankle fracture are positive predictors of return to sports at 1 year and older age, female gender, severe medical comorbidities are negative predictors. At 1 year, recreational athletes have higher likelihood to return to sports than competitive athletes, 16 and bi-maleollar fractures without injury of the syndesmosis are associated with an increased rate of return to sports activity. However, injury pattern heterogeneity and lack of information on the type of sports activity do not make it possible to draw definitive conclusions.
From this systematic review, the information is relatively scanty to define the best timing to return to sports after an ankle fracture, given the heterogeneity of the outcome measures and results. Therefore, experts must still rely on estimation and previous experience. Even though the authors give a time to return to sports, it is not possible to draw any evidence based on well-performed scientific studies. Colvin et al. 16 reported a relatively low return to sports activity rate at 12 months and, surprisingly, elite athletes were less likely to return than recreational athletes. These results contradict other investigations according to which all athletes had recovered by 3-4 months. This wide variability means that more work must be performed to gain more details. In addition, although many papers refer to return to sports in the abstract or introduction sections, they fail to address properly this issue throughout the paper, simply giving a sweeping comment about a time range, or reporting that all players returned without problems. It is interesting that treatment was successful and players return to pre-injury high levels, but timescales should be used to better inform the player themselves. Prospective studies could be a vein of research to explore in the near future. It has been recently advanced that data on the activity level and time to return to these activities is of outmost importance, coining 'Return to activity' as an additional item to assess the effects of surgery together with functional scores. 25 Therefore, we recommend to use validate assessment tools and outline the importance of recording information about sports activities, concomitant injuries, educational and occupational issues and psychological factors of these patients. According to the current evidence, early weight bearing, 20 1 week after the procedure, seems to provide better functional outcomes than prolonged immobilization (more than 6 weeks), 16 but more extensive information on rehabilitation program are needed.
There are several limitations to our investigation. First, given the lack of studies on this issue, ours were not pooled for type and severity of injury or sports activity level. Secondly, since we did not contact individual authors directly, a possible weakness of the review is that methodological assessment does not necessarily reflect the scientific validity of the study, but is biased by the quality of reporting. Finally, some of the functional assessments used are not objective and readily applicable. Also, we point out that this is not a meta-analysis but a descriptive quantitative review, and, according to available studies, it is not possible to draw definitive conclusions.
Conclusion
In ankle fractures, open reduction and internal fixation is often advocated to obtain early and full return to sports. The ideas of the return to activity parameter and surgeon databases including sports-related information could induce the research to move forward. Prospective studies stratifying for age groups and level of activity (elite vs. recreational) could be future fields of development. Compared with stress injuries, acute fractures seem to be the main issue to focus on, even though many other injuries could be better understood and addressed to improve current treatment lines, inform athletes and satisfy future expectancies.
